Because of the relatively long growing cycle and the high cost of research into turkey production and nutrition, the potential benefits from modelling growth in this avian species are considerable. Though there are many studies aimed at evaluating animal growth models, the number of studies targeting growth models in turkeys is quite limited. In this paper we present a sinusoidal function to describe the evolution of growth in turkeys as a function of time based on data published by Aviagen. The new function was evaluated with regard to its ability to describe the relationship between body weight and age in turkeys and was compared to four standard growth functions: the Gompertz, logistic, Lopez, and Richards. The results of this study show that the new sinusoidal function precisely describes the growth dynamics of turkeys. Fitting the functions to different data profiles nearly always led to the same or less maximized log-likelihood values for the sinusoidal equation, indicating its suitability in describing growth data from turkeys. Because of the relatively long growing cycle and the high cost of research on production and nutrition, the potential benefits from modelling growth in this avian species are noteworthy (Firman, 1994) . Though there are many studies aimed to evaluate growth models in animals, the number of studies targeting growth models in turkeys is quite limited compared to other poultry species (Ersoy, Mendeş, Geflügelk & Keskin, 2007) . The objective of the present study is to introduce a new sinusoidal function into poultry science by applying it to temporal growth data from turkeys, and comparing its fitting performance with that of four standard growth functions, viz. the Gompertz, logistic, Lopez and Richards. * W = body weight, W0 = initial weight, Wf = asymptotic weight; t = months of age, b, K, and n are parameters that define the position, scale and shape of the growth curve. For the sinusoidal, a1 is the vertical offset (height of the baseline or weight at inflexion), a2 is the amplitude (the height of each peak above the baseline), θ/c is the phase shift or time at inflexion and n is a parameter [for more details see Figure 1 and Darmani Kuhi et al. (2018)].
Introduction
Turkey meat is an excellent protein source and has a good price-quality ratio (Roberson et al., 2003) . Therefore, it is important to know the factors influencing the productive performance of this species, the yield and quality of the carcass (Nestor, Anderson, Hartzler & Velleman, 2005) . Representation of biological concepts through the simulation of growth dynamics enables us to better adapt management and nutrition to the requirements of the animals, while taking into account the interaction between genotype, nutrition and environmental conditions (Thornley & France, 2007) . Growth is a fundamental property of biological systems and can be defined as an increase in body size per time unit. Understanding the economic importance of various traits such as live weight, weight gain, rate of maturity, and age and live weight at which maximal growth occurs has led researchers to carry out detailed studies targeting the weight-age relationship (Ersoy, Mendeş & Aktan, 2006) . For this reason, different mathematical growth models have been applied and developed (Gompertz, 1925; Von Bertalanffy, 1957; Richards, 1959; López, France, Dhanoa, Mould & Dijkstra, 2000; France, Dijkstra & Dhanoa, 1996) . Research on the characteristics of livestock growth also provides useful and practical information for breeding purposes (Maruyama, Potts, Bacon & Nestor, 1998; Aggrey, 2004) . Two important traits are the genetic potential for growth and the time to reach maturity. Successful determination of various growth parameters is important when selecting animals at early phases of their growth by using parameter predictions. Certain authors have reported that growth curve parameters can be used as direct breeding criteria in improving some of the associated traits in addition to describing growth in animals (Akbaş, 1996; Lawrence & Fowler, 2002; Landgraft et al., 2002) . The growth curve for describing live weight is usually of sigmoidal shape, with small but increasing gains at the beginning, acceleration up to a certain age (inflexion point), followed by decreasing gains as weight reaches its maximum. Modelling animal growth has been a topic of noticeable interest over the past fifty years. Traditionally, mathematical equations, usually referred to as growth functions, have been used to relate body weight (BW) to age
Material and methods

Growth functions
The functions used to describe the growth curves of turkeys are presented in Table 1 . The Gompertz, logistic, Lopez, Richards and sinusoidal equations were fitted to the data to model the relationship between body weight and age.
Data source and statistical analysis
Five time course profiles (Table 2) from the Management Handbook of Aviagen (2013) were used in this study to investigate the relationship between BW and age in different male strains of turkeys.
Statistical analyses were performed using the non-linear procedure of MATLAB 7.13.0 and the Gauss-Newton algorithm. Comparison of models was carried out by analyzing model behaviour when fitting the curves using nonlinear regression and assessing statistical performance. The maximized log-likelihood (MLE), estimated error variance (MSE), Akaike information criterion (AIC) and Bayesian information criterion (BIC) were used to evaluate the general goodness-of-fit of each model to the different data profiles. 
Results and discussion
The estimated parameters for the five equations are given in Table 3 and equation behaviour is illustrated in Figure 2 . The predicted values for initial weight and the behaviour of the model in fitting the data (Table 3 and Figure 2 ) indicated that the logistic equation was inadequate. The logistic showed a trend to overestimate initial weights for all data sources. The trend for the Richards was underestimation of initial weights. The W0 values for the Lopez were close to the expected initial average BW. For final (asymptotic) BW (Wf), there were magnitude differences between the different functions. Estimates of final body weight with the Lopez and Richards were higher than with the Gompetz, logistic and sinusoidal equations and appeared to be overestimates. The differences between functions with respect to growth rate, maturation rate and relative growth rate reflect existing differences among the functions with respect to their abilities to fit the data.
In general, a comparison between models based on the calculated statistical criteria (Tables 4 and 5) indicated some relevant differences between functions. The logistic equation gave higher values of these statistics than the other growth functions. These statistical criteria clearly demonstrate the suitability and superiority of the sinusoidal, Lopez and Richards equations over the others.
Growth curves are critical for the understanding and formulation of breeding programs because they shift in response to selection. Nonlinear functions have been used extensively to represent changes in size with age, so that the genetic potential of animals for growth can be evaluated (Ozoje, Peters, Caires & Kizilkaya, 2015) .
Early estimation of weight at maturity and growth rate relative to body size can be of importance for selection purposes, given their association with other traits and the economy of production (Butts, Backus, Lidvall, Corrick & Montgomery, 1980; Butts, Lidvall, Backus & Corrick, 1980; Tawah and Franke, 1985) . Rate of maturing, rate of gain and mature size are directly related to the economics of production and as such are important traits which have attracted the attention of breeders and livestock scientists. Exploitation of these parameters in growth models through curve fitting using live-weight-age data could improve economic returns positively (Salako, 2014) .
Comparison of the growth functions based on their behaviour (Figure 2) showed that, with exception of the logistic, the other functions gave a suitable fit to the data profiles. Here, the interesting choice lies between the sinusoidal and Richards equations. Based on maximized log-likelihood, MSE, AIC and BIC criteria and depending on the strain, the sinusoidal equation showed superiority over the other growth functions (Tables 3 and 4 ). 
Conclusion
In conclusion, comparison of the growth functions in terms of goodness of fit criteria revealed that flexible growth functions (e.g. the sinusoidal equation) were the most appropriate functions to describe the age-related changes in body weight in turkeys. This result is especially important when the behaviour of a particular data set is not defined previously (Darmani-Kuhi et al., 2003; Beiki, Pakdel, Moradi-shahrbabak & Mehrban, 2013) . Nevertheless, selection of the best function requires special attention to characterize the growth patterns of animals raised under different environmental conditions (Narinc, Emre, Mehmet & Tulin, 2010) . Therefore, it seems timely to compare the fit of different functions before selecting the one which performs most accurately.
